Episodic positive diversifying selection on key immune system genes in major avian lineages.
The major histocompatibility complex (MHC) of the adaptive immune system and the toll-like receptor (TLR) family of the innate immune system are involved in the detection of foreign invaders, and thus are subject to parasite-driven molecular evolution. Herein, we tested for macroevolutionary signatures of selection in these gene families within and among all three major clades of birds (Paleognathae, Galloanserae, and Neoaves). We characterized evolutionary relationships of representative immune genes (Mhc1 and Tlr2b) and a control gene (ubiquitin, Ubb), using a relatively large and phylogenetically diverse set of species with complete coding sequences (34 orthologous loci for Mhc1, 29 for Tlr2b, and 37 for Ubb). Episodic positive diversifying selection was found in the gene-wide phylogenies of the two immune genes, as well as at specific sites within each gene (8.5% of codon sites in Mhc1 and 2.7% in Tlr2b), but not in the control gene (Ubb). We found 20% of lineages under episodic diversifying selection in Mhc1 versus 9.1% in Tlr2b. For Mhc1, selection was relaxed in the Galloanserae and intensified in the Neoaves relative to the other clades, but no differences were detected among clades in the Tlr2b gene. In summary, we provide evidence of episodic positive diversifying selection in key immune genes and demonstrate differential strengths of selection within Class Aves, with the adaptive gene showing an increased divergence and evolutionary rate over the innate gene, contributing to the growing understanding of vertebrate immune gene evolution.